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What is claimed as new and desired to be protected by Letters Patent of the 
United States is: 



O 



ry 
m 
□ 
ry 



1. A photosensor for use in an imaging device, said ranotosensor comprising: 

a doped layer of a first conductivity type fonn^& in a substrate; 

a plurality of trenches formed in said dopt^layer, each of said plurality of 
trenches having a plurality of sidewalls and^^^tom; 

a doped region of a second coom^ctj^ity type formed at the sidewalls and bottom 



i% of each of said plurality of trenches; and; 



an insulating layer formed yovcr/said doped region. 



2. The photosenso/of claiW^/wherein the photosensor is a photodiode sensor. 



3. The photosensor of cjfaijp. 2, wherein the insulating layer has a thickness of at 
least 30 Angstroms 



15 



4. The photosensor c/f claim 1, wherein each of said plurality of trenches has a 

/ r 

depth within the lange/pf approximately 0.05 to 10 \im. 



The photosensor of claim 1, wherein said plurality of trenches comprises two 



trenches. 
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6. The photosensor of claim 1, further comprising a conductive layer formed on 
substantially all of an upper surface of said insulating laye^for gating the collection of 
charges in said doped region. 

7. The photosensor of claim 6, wherein the ululating layer has a thickness within 
the range of approximately 20 to 500 Angstror 

i 

II 

8. The photosensor of claim 6, wherein/the photosensor is a photogate sensor. 

J 

9. The photosensor of claim 6 y wl4rein the conductive layer is a doped polysilicon 
layer. 



10. The photosensor of claim^^wherein the conductive layer is a layer of indium tin 




oxide. 



11. The photosensor exclaim 6, wherein the conductive layer is a layer of tin oxide. 

/ / 

12. The photosensb^of claim '6, wherein the conductive layer is a doped layer of a 
second conductivity/ type . 

I 
\ 

13. The photosensor of claim 6, wherein the conductive layer is substantially 
transparent to tight radiation. 




14. The photosensor of claim 6, wherein the conductive layer has a thickness within 

// 

the range of approximately 200 to 4000 Angstroms. 
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15. The photosensor of claim 1, wherein the insulating layer^Pa silicon dioxide layer. 



16. The photosensor of claim 1, wherein the insulating/ayer is a silicon nitride layer. 



17. The photosensor of claim 1, wherein the insulating layer is a layer of ONO. 



18. The photosensor of claim 1, wherekv the insulating layer is a layer of ON. 



19. The photosensor of claim/l^wher^ln^e insulating layer is a layer of NO. 



20. The photosensor of c ^ 2 JJ i 1> y herein the first conductivity type is p-type, and the 



second conductivity type is nf,type 



21. The photosensor onclaim A, wherein the doped region is formed by a process of 
multiple angled ion implantat 



22. The phd>t 



tosensof 0t/cl 



L<wherein the process comprises four orthogonal 



angled implants at a of 1 x 10 12 to 1 x 10 16 ions/cm 2 , wherein a resist is placed on 
top of the substrate While implanting, and wherein the angle of implantation for each 

of the resist, d is the depth of said plurality of trenches, and w is the width of said 

P 

plurality of trenches. 



23. The photosensor of claim 22, wherein the dose of each implant islxl0 13 tolx 
10 15 ions/cm J 
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24. . The photosensor of claim 21, wherein the dose of each ir 
ions/cm 2 . 




25. A photogate sensor for use in an imaging device, saM photogate sensor 



compnsmg: 



a plurality of trenches formed in said^doped layer, each of said plurality of 
trenches having a plurality of sidewaU^ind a^ottom; 

a doped region of a second conductivity type formed at the sidewalls and bottom 

// J - Ik 
of each of said plurality of trenches; 

// // 

an insulating layeiyformed on substantially all of an upper surface of said doped 



region; and 



7 // 



a light ractiation-transp4rent Hectrode formed on substantially all of an upper 

/ / / / 

surface of said insulating (layer for /gating the collection of charges in said doped region. 

/ ■■/, , 

26. The photogate sensor of clain}-2b, wherein each of said plurality of trenches has a 
depth within the range of approximately 0.05 to 10 (im. 

27. The photogate/§ensor of claim 25, wherein said plurality of trenches comprises 
two trenches. 



28. The photogate sensor of claim 25, wherein the first conductivity type is p-type, 
and the second i^nductivity type is n-type. 
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L^ye'r'fias a thickness 



29. The photogate sensor of claim 25, wherein the insulating 
within the range of approximately 20 to 500 Angstroms. 



30. The photogate sensor of claim 25, wherei 
dioxide. 




lating layer is a layer of silicon 



31. The photogate sensor of claim/25, whe^inythe insulating layer is a layer of silicon 
nitride. / 



32. The photogate sensor of claim 25, wherein the insulating layer is a layer of 



ONO. 



33. The photogate sensor of/ claim 25, wherein the insulating layer is a layer of ON. 




34. The photogate f sensor/of jrfaim 25, wherein the inspiring layer is a layer of NO. 



35. The photogate sehsoj^f clamra^T^h^i 11 the radiation- transparent electrode 
has a thickness within tli^range of approximately 200 to 4000 Angstroms thick. 



36. The photogate sensor of claim 25, wherein the radiation-transparent electrode is 
a layer of doped p^lysilicon. 

// 

37. The photbfeate sensor of claim 25, wherein the radiation-transparent electrode is 

if 

a layer of indium tin oxide. 
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38. The photogate sensor of claim 25, wherein the radiation-transparent electrode is 
a layer of tin oxide. 7 1 



39. The photogate sensor of claim 25, wherein the radial^fi- transparent electrode is 
doped to a second conductivity type. 

40. The photogate sensor of claim 39, wherein tjh/^rst conductivity type is p-type, 
and the second conductivity type is n-type. 

41. The photogate sensor of claim ^5, wh^f^fa the doped region is formed by a 
process of multiple angled ion implantation? 



42. The photogate sensor or claim 4\ Jwhc rein the process comprises-four 

/ f III / 

orthogonal angled implants aft a dos</o/lix 10 12 to 1 x 10 16 ions/cm 2 , wherem a resist is 

placed on top of the substrate whilfe implinting, and whefdn the angle of implantation 

/ I I \\ 

for each angled implant is greater ti4an/9 c , ^here < tan 0 C = [(t + d)/{Vi w)], where t is 

// / 

the thickness of the resist/ d isftbjt depth of said plurality of trenches, and w is the width 
of said plurality of trenches. 



43. The photogate se^[/or of ^laim 42, wherein the dose of each implant is 1 x 10 
to 1 x 10 15 ions/cm 2 . I 



44. The photoga/e sensor of claim 42, wherein the dose of each implant is 5 x 10 13 
ions/cm 2 . 
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45. A photodiode sensor for use in an imaging device, said p^btodiode sensor 
comprising: 

a doped layer of a first conductivity type formed^ ^substrate; 
a plurality of trenches formed in said doped layer/ each of said plurality of 

/ , 

trenches having a plurality of sidewalls and a bottom each of said plurality of trenches 

having a depth within the range of approximately Q/05 to 10 |im; and 

/ / 

a doped region of a second conductivity type formed at the sidewalls and bottom 
of each of said plurality of trenches, 




46. The photodiode sensoybt claim/4'5, wherein the first conductivity type is p-type 



L 



and the second conductivity type is n^type 



47. The photodiode senior of claim 45, wherein the doped region is formed by a 

/ // 

process of multiple angled ron^mplantation. 



/ //V 

48. The photodiode §enso^Qf < 



)de se 

// 



" claim 47p^erein the process comprises four 
orthogonal angled implants a't a dose of 1 x 10 12 to 1 x 10 16 ions/cm 2 , wherein a resist is 

// I 

placed on top of tms substrate while implanting, and wherein the angle of implantation 



for each angled implant is greater than 8 C , where tan 9 C = [(t + d)/(w)], where t is the 
thickness of tlitf resist^/is the depth of said plurality of trenches, and w is the width of 
said plurality <$f trenches. 
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49. The photodiode sensor of claim 48, wherein die dose of edch implant is 1 x 10 13 
to 1 x 10 15 ions/cm 2 . 

50. The photodiode sensor of claim 48, wherein the^ose of each implant is 5 x 10 13 
ions/cm 2 . 

51. The photodiode sensor of claim 45, whferein said plurality of trenches comprises 
two trenches. 



52. A pixel sensor cell for use 



a doped layer of a firs 



aging device, said pixel sensor cell comprising: 



ctivity type formed in a substrate; 



a plurality of trenc 
trenches having a plurali 

a first doped re 
bottom of each of sai 

an insulating 1 




ljp^i in said doped layer, each o£said plurality of 
/alls and a bottom; 

vity type formed at the sidewalls and 
ed over said first doped region; 



a second dopedX region of a second conductivity type formed in said doped layer 
and positioned to receive charges from said first doped region of said plurality of 
trenches; and 

a reset transistor formed at the doped layer for periodically resetting a charge 
level of said second doped region, said second doped region being the source of said 



reset transistor. 
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53. The pixel sensor cell of claim 52, wherein the pixel sensor c^lHs a photodiode 
sensor cell. 



54. The pixel sensor cell of claim 53, wherein the insisting layer has a thickness of at 
least 30 Angstroms. 

55. The pixel sensor cell of claim 52, further comprising a conductive layer formed 
on substantially all of an upper surface of ^d^s^lating layer for gating the collection of 
charges in said first doped region. 

56. The pixel sensor cell of claim 5*5 /wherein the insulating layer has a thickness 
within the range of approximately ^0 # to pOO Angstroms. 

L 

57. The pixel sensor cell of/lain} £55, wherein said condj*Ctive layer is a layer of 
indium tin oxide. 



58. The pixel sensor /ell of daim 55, wherein said conductive layer is a layer of tin 
oxide. 

59. The pixel sensor cell of claim 55, wherein said conductive layer is a layer of 
doped polysilicor 



60. The pwel sensor cell of claim 55, wherein the pixel sensor cell is a photogate 
sensor cell. 



1 1 03504 v1 ; NNGW01 ! .DOC 



Docket No. M4065. 029^*295 



35 



icron Ref.: 97-1490 



// 

61. The pixel sensor cell of claim 55, further comprising a transfer gate formed on 
the doped layer between said plurality of trenches and the second doped region. 



62. The pixel sensor cell of claim 61, wherein say conductive layer extends over a 
top surface of the transfer gate. 

63. The pixel sensor cell of claim 51, wljereinAaid insulating layer extends over the 
top surface of the transfer gate. 

64. The pixel sensor cell of clairau&b /wherein said conductive layer is substantially 
transparent to radiation. 

65. The pixel sensor ceU/>yclaim 55, wherein said conductive layer is a layer of 
doped polysilicon. 



66. The pixel sensor Ifell/of claim 5^<wherein said insulating layer is a layer of silicon 
ills 

dioxide. 



67. The pixel semsor/fcell of claim 52, wherein the first conductivity type is p-type, 
and the second conductivity type is n-type. 



68. The pixfel sensor cell of claim 52, wherein the first doped region is formed by a 



process of multiple! angled ion implantation. 
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69, The pixel sensor cell of claim 68, wherein the process compri^s four orthogonal 
angled implants at a dose of 1 x 10 12 to 1 x 10 16 ions/cm 2 , whereto a resist is placed on 
top of the substrate while implanting, and wherein the angle dMmplantation for each 
angled implant is greater than 0 C , where tan 0 C = [(t + d)^rop], where t is the thickness 
of the resist, d is the depth of said plurality of trenches y£pfa w is the width of said 
plurality of trenches. 

70. The pixel sensor cell of claim 69, wh£rey( jdie dose of each implant is 1 x 10 13 to 
1 x 10 15 ions/cm 2 . / ' 



71. The pixel sensor cell of claim 6P J /wherein the dose of each implant is 5 x 10 
ions/cm 2 . 



72. The pixel sensor ce^ of cl^ 
trenches. 



52, wherein said plurality of trenches comprises two 



73. A pixel sensor cell foy use in an imaging device, said pixel sensor cell comprising: 

// 

a doped layer of 2Jmst conductivity type formed in a substrate; 

, / 

a plurality of tranches formed in said doped layer, each of said plurality of 
trenches having a plurality of side walls and a bottom; 



a photodiodfe formed in each of said plurality of trenches, wherein said 

// 

photodiode comprises a first doped region of a second conductivity type formed at the 

_ / 
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sidewalls and bottom of each of aid plurality of trenches, and an insulating layer formed 

on an upper surface of said first doped region; // 

/ * 

a second doped region of a second conductivity type formed in said doped layer 

/ / 

ind positi >ned r > recer e charges from said first doped regi^Jrfof each of said plurality of 
trenches; and / / 

, / 

a reset transistor formed at the doped layer^or jseriodically resetting a charge 
level of said second doped region, said second dpped region being the source of said 
reset transistor. 




M 

o 
m 

=C 74. A pixel sensor cell for use / in / an imaging device, said pixeLsensor cell comprising: 

% //// 

%0 a doped layer of a first/ conductivity type formed in a substrate; 



//,/ 



y, a plurality of trenches forrried in said doped layer, each of said plurality of 

ry // /"" / / 

U1 trenches having a plurality of/side\yalls and a bottom; 

o // / / / 

ru / / / / / 

a photogate formed in each,of said plurality of trenches, wherein said photogate 

/ / / f/ 

comprises a nrstraoped/region^of a second conductivity type formed at the sidewalls and 



'7 



said first/doped'^egion, and an insulating layer formed between said first doped region 



15 bottom of each of saitl plurality of trenches, a conductive layer formed on substantially 

// //-■ 

all of an upper surface of said first doped region for gating the collection of charges in 

5j^dopldT;e 
and said conductive layer; 

• // / 

^^^nd doped region of a second conductivity type formed in said doped layer 
20 and positioned to receive charges from said first doped region of each of said plurality of 
trenches; and 
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a reset transistor formed at the doped layer for periodically resetting a charge 

// 
// 

level of said second doped region, said second doped region bpng the source of said 
reset transistor. 



75. A pixel sensor cell for use in an imaging device, raid pixel sensor cell comprising: 



a plurality of trench photosensors formed in 
type of a substrate; 



'doped layer of a first conductivity 



a reset transistor formed in said do^ 



^er; 



a floating diffusion region of a/secon<# conductivity type formed in said doped 

./ // 

layer between said plurality of trench photosensors and the reset transistor for receiving 



charges from said plurality of trench phOTosensors, said reset transistor operating to 



periodically reset a charge level', of said^floating diffusion. region; and 

u ' / 

an output transistor having A gate electrically connected to the floating diffusion 

region. 



76. The pixel sensor cell of claim 75, wherein each of said plurality of trench 



dp cell of cli 

/ /// 



photosensors further comprises a doped region of a second conductivity type located on 
the side walls and bottomi^'each of said plurality of trenches. 




77. The pixel sensor .cell of claim 75, wherein each of said plurality of trench 
photosensors is a photddiode sensor. 
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81. The pixel sensor cell of claj 
comprises two trench photos^nso 

82. A CMOS imager/compri 
a substrate haying ayaoroed 




78. The pixel sensor cell of claim 75, further comprising a t^nsfer gate located 

between the plurality of trench photosensors and the floating diffusion region. 

// ' 

/ ' 

79. The pixel sensor cell of claim 78, wherein each pi said plurality of trench 
photosensors is a photogate sensor. 



80. The pixel sensor cell of claim 75, wherem the first conductivity type is p-type, 
and the second conductivity type is n-type. 



said plurality of trench photosensors 



conductivity type; 



an array ofpixel SC j X W >r C yT ^ ormec * doped layer, wherein each pixel 

sensor cell has a plurality pi trench photosensors; and 

signal p|^cessingcircvytry el^trically connected to receive and process output 
signals from said arra^( 



)S/mager of claim 82, wherein each of said plurality of trench 



83. The CI 

photosensors fiik^pr^comprises a doped region of a second conductivity type located on 



/ 



the side walls and/bottom of each of said plurality of trenches. 



84. The/CMOS imager of claim 83, wherein the second conductivity type is n-type. 
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85. The CMOS imager of claim 82, wherein each of said plurality o^french 
photosensors is a photodiode sensor. 
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86. The CMOS imager of claim 82, wherein each of said j^furality of trench 
photosensors is a photogate sensor. 

5 87. The CMOS imager of claim 82, wherein ti^jfrst conductivity type is p-type. 



03 
SI 



ru 



Csrf 

ff § 



88. An integrated circuit imager comnnsing 

77 1 . 

an array of pixel sensor cells fo/med^n a^ubstrate, wherein each pixel sensor cell 
has a plurality of trench photosensors; 

signal processing circuitry forraed in said substrate and electrically connected to 



j#0 the array for receivingyand processing signals representing an image output by the array 



and for providing output data representing said image; and 
/ \/f f 

a processor for receivijffig and processing data representing said image. 



89. An integrated cir^ 



a CM 



compnsmg: 



)S imagfc^ &id CMOS imager comprising an array of pixel sensor cells 
15 formed in a c opecMa^r on a substrate, wherein each pixel sensor cell has a plurality of 
trench photosensor with a first doped region formed therein, each of said cells having a 
respective second , eloped region for receiving and outputting image charge received from 
said first doped region, and signal processing circuitry formed in said substrate and 
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electrically connected to the array for receivij^^p r processing signals representing an 
image output by the array and for pro^Qing^utput datargp^esefiSng said image; and 

a processor for receiving 



>ro 



i 



_^ssing data representing said image. 



A method of forrrting a photosensor, comprising the steps of: 

providing a semiconductor substrate having a doped layer of a first conductivity 



type; 



forming a plurality <|f trenches in said doped layer, each of said plurality of 
trenches having a plurality M side walls and a bottom; 

doping the sides andlbottom of each of said plurality of trenches to form a doped 
region of a second conductivity type; and 

forming an insulating flayer on the sides and bottom of each of said plurality of 
trenches over said doped region. 

91. The method of claim 9(1 wherein the photosensor is a photodiode sensor. 



92. The method of claim 90 ^further comprising a step of forming a conductive layer 
on substantially all of an upper surface of the insulating layer. 



93. The method of claim 92, wHerein the photosensor is a photogate sensor. 



94. The method of claim 92, wherein the step of forming said conductive layer 
comprises a chemical vapor deposition step. 
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95. The method of claim 92, wherein the step of forming said conductive /ayer 
comprises a sputtering step. 

96. The method of claim 90, wherein said insulating layer is a layer ot silicon dioxide. 

97. The method of claim 90, wherein the first conductivity type p p-type, and the 
second conductivity type is n-type. 

98. The method of claim 90, wherein the semiconductor substrate is a silicon 
substrate. 

99. The method of claim 90, wherein the step of formi|ig a plurality of trenches 
comprises a reactive ion etching process. 

100. The method of claim 90, wherein the step of farming a plurality of trenches 
comprises forming two trenches. 

101. The method of claim 90, wherein the doping step comprises ion implantation. 

102. The method of claim 101, wherein the doping step comprises multiple angled 
ion implantation. 

103. The method of claim 102, wherein the piultiple angled ion implantation 
comprises four orthogonal angled implants at k dose of 1 x 10 12 to 1 x 10 16 ions/cm 2 , 
wherein a resist is placed on top of the substrate while implanting, and wherein the 
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angle of implantation for each angled implant is greater than 6 C , where tan 0 C = [£jr+ 
d)/(w)], where t is the thickness of the resist, d is the depth of said plurality of/fre^iches, 
and w is the width of said plurality of trenches. 

104. The method of claim 103, wherein the dose of each implant is 1 yj 10 13 to 1 x 
5 10 15 ions/cm 2 . 




m 

03 



£ 

a 

IP 

Q 
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105. The method of claim 103, wherein the dose of each implant? is 5x10 ions/cm 



106. A method of forming a photosensor, comprising the steps of: 

providing a semiconductor substrate having a doped layer of a first conductivity 



type; 



forming a doped region of a second conductivity^type in the doped layer; 



forming a plurality of trenches in said doped region so that the sides and bottom 
of each of said plurality of trenches are of the secorteL conductivity type; and 

forming an insulating layer on the sides and bottom of each of said plurality of 
trenches. 



15 107. The method of claim 106, wherein /the photosensor is a photodiode sensor. 



108. The method of claim 106, further comprising forming a conductive layer on the 
sides and bottom of each of said plu^lity of trenches, and wherein the photosensor is a 
photogate sensor. 
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109. The method of claim 106, wherein the first conductivity type is p-typ^and the 
second conductivity type is n-type. 



110. The method of claim 106, wherein the step of forming a plurality of trenches 
comprises a reactive ion etching process. 

111. The method of claim 106, wherein the doping step comprises ion implantation. 

^112. A method of forming a photosensor, comprising j£ie steps of: 

providing a semiconductor substrate having a xaoped layer of a first conductivity 

type; 

forming a plurality of trenches in said doped region, each of said plurality of 
trenches having a plurality of side walls and ayoottom doped to a second conductivity 
type; and 

forming an insulating layer on the sides and bottom of each of said plurality of 
trenches. 

113. The method of claim 112, Wherein the photosensor is a photodiode sensor. 



114. The method of claim 112^ further comprising forming a conductive layer on the 
sides and bottom of each of sajfd plurality of trenches, and wherein the photosensor is a 
photogate sensor. 
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115. The method of claim 112, wherein the first conductivity type is J^type, and the 
second conductivity type is n-type. 

116. The method of claim 112, wherein the stejj^frfTorming a plurality of trenches 
comprises a reactive ion etching process. 
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